GENERAL EXPERIMENTAL DETAILS
Tetrahydrofuran and dichloromethane were purified by passing through a Pure Solv™ column drying system from Innovative Technology, Inc. Additionally, Tetrahydrofuran and dichloromethane were degassed passing Ar through them for 15 min. Diethyl ether was dried using activated 4Å molecular sieves and stored under argon. Unless indicated otherwise, all reactions were conducted under an argon atmosphere using flame-dried glassware with standard vacuum-line techniques. NMR spectra were acquired on a Bruker 300 spectrometer, running at 300, and 75 MHz for 1 H and 13 C respectively. Chemical shifts (δ) are reported in ppm relative to residual solvent signals (CDCl 3 , 7.26 ppm for 1 H NMR and 77.2 ppm for 13 C NMR respectively). 13 C NMR spectra were acquired on a broad band decoupled mode. The following abbreviations are used to describe peak patterns when appropriate: s (singlet), d (doublet), t (triplet), q (quartet), quint (quintet), sex (sextet), sept (septuplet), m (multiplet), br (broad). Analytical thin layer chromatography (TLC) was performed using pre-coated aluminium-backed plates (Merck Kieselgel 60 F254) and visualized by ultraviolet irradiation or phosphomolybdic acid dip or potassium permanganate dip. Purification of reaction mixtures was carried out by flash chromatography (FC) using silica gel . Optical rotations were measured on a Perkin-Elmer 241 polarimeter. The enantiomeric ratio (er) of the products was determined by stationary phase SFC, HPLC or GC using chiral columns. Mass Spectrometry (MS) and High-Resolution Mass Spectrometry (HRMS) were registered in a spectrometer GCT Agilent Technologies 6890N using Electronic Impact (E.I.) techniques at 70 eV, Fast Atom Bombardment and electrospray (ESI + or ESI -).
All ligands and [Cu(CH 3 CN) 4 ]PF 6 were acquired from commercial sources and were used without further purification. Grignard reagents were acquired from commercial sources and were tritrated prior to use. 1 Propargylic ammonium salts were prepared following reported procedures and the enantiomeric ratios are specified in scheme 1.
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Scheme 1: Enantiomeric ratios of ammonium salts.
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OPTIMIZATION DETAILS
General procedure for the copper-catalyzed reaction of propargylic ammonium salts and Grignard reagents
An oven-dried vial was charged with Cu(I), the ligand and the corresponding ammonium salt (0.2 mmol) and sealed with a septum. The vial was connected to an argon-vacuum line, evacuated and backfilled with argon (x3). CH 2 Cl 2 (2 mL) was added and the mixture was stirred for 5 min at room temperature. The reaction mixture was cooled to -40 ºC and a (1,3-Dioxan-2-ylethyl)magnesium bromide solution in THF (0.3 M, 0.22 mmol) was added dropwise. The mixture was stirred at -40 ºC for 5 minutes. Water (0.1 mL) was added and the solution was filtered through a short pad of MgSO 4 and rinsed with CH 2 Cl 2 . The solvent was removed under reduced pressure and the crude product was purified by flash column chromatography using n-hexane as eluent. The enantiomeric ratio was determined by SFC using Chiralpak-ID column [CO 2 /MeOH (98:2)], 1.0 mL/min, t major = 10.9 min, t minor = 12.4 min. 
S5
SYNTHESIS OF STARTING MATERIALS
Synthesis of (-)-(S)-6-phenylhex-3-yn-2-ol, (S)-SI-1z
To an oven-dried round bottom flask was added (±)-6-phenylhex-3-yn-2-ol (1.90 g, 10.9 mmol), molecular sieves (0.95 g) and Amano Lipase from Pseudomonas fluorescens (0.95 g). The flask was connected to an argon-vacuum line, evacuated and backfilled with argon (x3). n-Hexane (100 mL) and Vinyl acetate (2.7 mL, 33 mmol) were added and the reaction mixture was stirred at room temperature for 2 h. After completion (checked by chiral HPLC) the reaction was filtered and the solvent was removed under reduced pressure. Longer reaction times, results in complete acetylation of the alcohol. Compound (S)-SI-1z (853 mg, 4.9 mmol) was obtained in 45% yield as a yellowish oil after flash column chromatography (Cy/EtOAc, 90/10).
Compound (S)-SI-1s was obtained in 99:1 enantiomeric ratio determined by HPLC using Chiralpak-IBN column [CO 2 /MeOH (95:5)], 1.0 mL/min, t major = 11.2 min, t minor = 6.4 min.
1 H NMR, 13 C NMR and MS data were consistent with literature values. To a solution of (S)-SI-1z (800 mg, 4.6 mmol) and triethylamine (3.2 mL, 23 mmol) in THF (12 mL) was added methanesulfonyl chloride (708 µL, 9.2 mmol) at 0 ºC. The reaction was stirred for 1 h at room temperature and then, a solution of dimethylamine (12 mL, 2 M in THF, 23 mmol) was added to the mixture. The temperature was raised to 50 ºC and the reaction mixture was stirred for 16 h. The reaction mixture was filtered through a short pad of Celite® and rinsed with Et 2 O. The solvent was removed under reduced pressure and the crude product was purified by flash column chromatography (From Cy/EtOAc 2:1 to EtOAc gradient). Compound (R)-SI-2z (845 mg, 4.2 mmol) was obtained in 91% yield as a yellowish oil. 1 H NMR, 13 C NMR and MS data were consistent with literature values. 
PREPARATION OF (4-PHENYLBUTYL)MAGNESIUM BROMIDE SOLUTION
An oven-dried flask was charged with magnesium (72 mg, 3 mmol, 1 equiv) and a couple of crystals of iodine under Ar atmosphere. Dry THF (6 mL) was added and the mixture was stirred for 2 min. (4-bromobutyl)benzene was added dropwise to the mixture observing a gentle reflux. The mixture was stirred for 2h and then, it was allowed to rest for 24 h. The supernatant was filtered and the solution was tritrated to determine its concentration (0,43M). General procedure for the reactions of (±) propargylic ammonium (1) salts with alkylmagnesium halides.
An oven-dried vial was charged with [Cu(CH 3 CN) 4 ]PF 6 (3.8 mg, 0.01 mmol) and the correspondent ammonium salt (0.2 mmol) and sealed with a septum. The vial was connected to an argon-vacuum line, evacuated and backfilled with argon (x3). DCM (2 mL) was added and the mixture was stirred for 5 min at room temperature. The reaction mixture was cooled to -40 ºC and the alkyl magnesium bromide solution in THF (0.22 mmol) was added dropwise and the mixture was stirred at -40 ºC for 5 minutes. After total conversion observed by TLC (5 minutes), water (0.1 mL) was added and the solution was filtered through a short pad of MgSO 4 and rinsed with DCM. Solvent was removed under reduced pressure and the crude product was purified by flash column chromatography.
General procedure for the reactions of enantiopure propargylic ammonium (1) salts with alkylmagnesium halides.
An oven-dried vial was charged with [Cu(CH 3 CN) 4 ]PF 6 (3.8 mg, 0.01 mmol), Sphos (4.9 mg, 0.012 mmol) and the correspondent ammonium salt (0.2 mmol) and sealed with a septum. The vial was connected to an argon-vacuum line, evacuated and backfilled with argon (x3). DCM (2 mL) was added and the mixture was stirred for 5 min at room temperature. The reaction mixture was cooled to -40 ºC and the alkyl magnesium bromide solution in THF (0.22 mmol) was added dropwise and the mixture was stirred at -40 ºC for 5 minutes. After total conversion observed by TLC (5 minutes), water (0.1 mL) was added and the solution was filtered through a short pad of MgSO 4 and rinsed with DCM. Solvent was removed under reduced pressure and the crude product was purified by flash column chromatography.
(─)-(R)-2-(3-phenylhexa-3,4-dien-1-yl)-1,3-dioxane (2a).
From ( 
S8 (─)-(R)-2-(3-(3-methoxyphenyl)hexa-3,4-dien-1-yl)-1,3-dioxane (2b).
From (R)-1b (74 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound (R)-2b (51 mg, 0.19 mmol) was obtained in 93% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 97:3). From (±)-1b, following the same procedure without SPhos, compound (±)-2b (51 mg, 0.19 mmol) was obtained in 93% yield. 1 H NMR, 13 C NMR and MS data for (±)-2b were consistent with literature values. = -66 .7 (c = 1.0, CHCl3).
(±)-2-(3-(4-Methoxyphenyl)hexa-3,4-dien-1-yl)-1,3-dioxane (2c).
From 1c (74 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol), following the general procedure described above, compound 2c (33 mg, 0.12 mmol) was obtained in 60% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 97:3). 
(±)-2-(3-(4-chlorophenyl)hexa-3,4-dien-1-yl)-1,3-dioxane (2d).
From 1d (74 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound 2d (50 mg, 0.18 mmol) was obtained in 90% yield as a pale yellow oil, after purification by flash column chromatography (cyclohexane/Et 2 O 95:5).
1 H NMR, 13 C NMR and MS data were consistent with literature values. 
(±)-4-(1-(1,3-Dioxan-2-yl)hexa-3,4-dien-3-yl)benzonitrile (2i).
From 1i (72 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound 2i (45 mg, 0.17 mmol) was obtained in 84% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 90:10).
1 H NMR, 13 C NMR and MS data were consistent with literature values.
S11 (─)-(R)-3-(1-(1,3-dioxan-2-yl)hexa-3,4-dien-3-yl)benzonitrile (2j).
From (R)-1j (72 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound (R)-2j (50 mg, 0.19 mmol) was obtained in 93% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 90:10). From (±)-1j, following the same procedure, compound (±)-2j (49 mg, 0.18 mmol) was obtained in 91% yield.
Compound (R)-2j was obtained in 95:5 enantiomeric ratio determined by SFC using Chiralpak-IB 
(±)-1-(4-(1-(1,3-Dioxan-2-yl)hexa-3,4-dien-3-yl)phenyl)ethanone (2k).
From 1k (76 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above (catalytic charge was changed to 0.02 mmol), compound 2k (23 mg, 0.08 mmol) was obtained in 40% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 80:20).
(±)-2-(3-(4-(Trifluoromethyl)phenyl)hexa-3,4-dien-1-yl)-1,3-dioxane (2l).
From 1l (81 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound 2l (58 mg, 0.19 mmol) was obtained in 93% yield as a pale yellow oil, after purification by flash column chromatography (hexane/AcOEt 95:5). 1 H NMR, 13 C NMR and MS data were consistent with literature values. Thiophen-2-yl)hexa-3,4-dien-1-yl)-1,3-dioxane (2m) .
From 1m (69 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound 2m (40 mg, 0.16 mmol) was obtained in 80% yield as a pale yellow oil, after purification by flash column chromatography (cyclohexane/EtOAc 95:5). 249.0553.
H NMR (300 MHz
,
(±)-2-(3-Phenethylhexa-3,4-dien-1-yl)-1,3-dioxane (2n).
From 1n (73 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above (temperature was changed to rt), compound 2n (33 mg, 0.12 mmol) was obtained in 61% yield as a pale yellow oil, after purification by flash column chromatography (cyclohexane/EtOAc 95:5). 
(─)-(R)-2-(3-Phenylundeca-3,4-dien-1-yl)-1,3-dioxane (2o).
From (R)-1o (82 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound (R)-2o (48 mg, 0.15 mmol) was obtained in 76% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 95:5). From (±)-1o, following the same procedure without SPhos, compound (±)-2o (51 mg, 0.16 mmol) was obtained in 81% yield.
Compound (R)-2o was obtained in 98:2 enantiomeric ratio determined by SFC using Chiralpak-IB column [CO 2 /MeOH (99:1)], 1.0 mL/min, t major = 28.3 min, t minor = 27.7 2-(7-(Methylthio)-3-phenethylhepta-3,4-dien-1-yl)-1,3-dioxane (2p) .
From 1p (85 mg, 0.2 mmol) and (1,3-dioxan-2-ylethyl)magnesium bromide solution in THF (0.22 mmol) following the general procedure described above (temperature was changed to rt), compound 2p (48 mg, 0.14 mmol) was obtained in 72% yield as a pale yellow oil, after purification by flash column chromatography (cyclohexane/EtOAc 90:10). 
(±)-1-Bromo-3-(octa-2,3-dien-4-yl)benzene (2q).
From 1f (83 mg, 0.2 mmol) and n-butylmagnesium chloride solution in THF (0.22 mmol) following the general procedure described above, compound 2q (30 mg, 0.11 mmol) was obtained in 57% yield as a pale yellow oil, after purification by flash column chromatography (hexane/Et 2 O 98:2). 
S14 (±)-1-(Octa-2,3-dien-4-yl)-4-(trifluoromethyl)benzene (2r).
From 1l (81 mg, 0.2 mmol) and n-butylmagnesium bromide chloride solution in THF (0.22 mmol) following the general procedure described above, compound 2r (42 mg, 0.17 mmol) was obtained in 83% yield as a pale yellow oil, after purification by flash column chromatography (pentane /Et 2 O 98:2). 
(─)-(R)-1-Methoxy-3-(1-phenylhexa-3,4-dien-3-yl)benzene (2w).
From (R)-1b (75 mg, 0.2 mmol) and isopropylmagnesium bromide solution in THF (0.22 mmol) following the general procedure described above, compound (R)-2w (33 mg, 0.16 mmol) was obtained in 82% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 95:5). From (±)-1b, following the same procedure, compound (±)-2w (29 mg, 0.14 mmol) was obtained in 71% yield.
Compound (R)-2w was obtained in 97:3 enantiomeric ratio determined by SFC using Chiralpak-IB = -83 .7 (c = 1.0, CHCl3). 1-Bromo-3-(2,2-dimethylhexa-3,4-dien-3-yl)benzene (2y) .
(─)-(R)-
From (R)-1f (83 mg, 0.2 mmol) and tert-butylmagnesium chloride solution in THF (0.22 mmol) following the general procedure described above, compound (R)-2y (43 mg, 0.16 mmol) was obtained in 81% yield as a pale yellow oil, after purification by flash column chromatography (pentane/Et 2 O 97:3). From (±)-1f, following the same procedure, compound (±)-2y (38 mg, 0.14 mmol) was obtained in 72% yield. 
